Background: Aesthetic rehabilitation of thyroid orbitopathy includes orbital decompression, correction of eyelid retraction, and aesthetic blepharoplasty, performed traditionally in separate stages. Objectives: To report the results of orbital decompression surgery associated with aesthetic eyelid surgery in one stage for aesthetic rehabilitation of patients affected by thyroid eye disease. Methods: Retrospective, multicentric study including 40 consecutive patients, who underwent orbital decompression surgery associated with aesthetic eyelid surgery in two centers: Genova (group 1) + Buenos Aires (group 2). Surgical techniques are described in detail. Results: Mean patient age in the study group was 41.2, 85% of the patients were female, and minimum follow-up time was 12 months, with average follow up of 27 months. All patients underwent orbital decompression; at the same time, 26 patients (65%) underwent bilateral upper blepharoplasty and 32 patients (80%) underwent transconjunctival lower blepharoplasty. Associated upper eyelid procedures included 23 patients (58%) undergoing upper eyelid retraction repair, 9 patients (23%) undergoing associated inferior retractor recession, and 12 patients (30%) closed transcanthal lateral canthopexy. Seven patients (17%) needed strabismus surgery for the treatment of new-onset diplopia and none required further revision eyelid surgery. Conclusions: Shorr and Seiff suggested 4 stages of surgical rehabilitation: (1) orbital decompression; (2) eye muscle surgery; (3) correction of eyelid retraction; and (4) removal of excess fat and skin. This is the first study to suggest single-stage aesthetic rehabilitation consisting of combined orbital decompression and aesthetic eyelid surgery. This approach has high patient satisfaction and significant reduction in direct and indirect healthcare costs.
Over 30 years ago, Shorr and Seiff suggested 4 stages for aesthetic surgical rehabilitation of thyroid orbitopathy to be performed in 4 different sessions in the following order: (1) orbital decompression; (2) eye muscle surgery; (3) correction of eyelid retraction; and (4) removal of excess fat and skin. 1 This staged approach is still taught to residents and fellows as a dogma, since being first published over 30 years ago. 2 The theory behind the staged approach is based on the hypothesis that each individual procedure can affect the subsequent step, altering the surgical sequence and negatively impacting upon the final result. However, there appears to be no scientific evidence suggesting that a single-stage approach is detrimental to the final aesthetic outcome. On the contrary, one could argue that a onestage approach should be the gold standard unless proven otherwise. In fact, as surgeons we are accustomed to estimating the impact of each step of a surgical sequence on the following steps in many combined aesthetic facial procedures, yielding good results and high patient satisfaction. In the past, the senior surgeons (F.P.B. and M.H.D.) followed the traditional teaching of staged surgical rehabilitation and found that patient appreciation was lower than expected, as the results were diluted by the numerous surgical stages and postponed until the final step, 12 months after initial orbital decompression ( Figure 1 ).
In contrast, when orbital decompression was not part of the surgical plan, the authors have routinely combined eyelid retraction repair with aesthetic blepharoplasty in one stage with very high patient satisfaction ( Figure 2) .
Theoretically, if surgeons could anticipate all of the potential changes involved in the sequential steps of the complete aesthetic surgical rehabilitation, a one-stage approach, including both eyelid and orbital surgery, would optimize results and maximize patient satisfaction. The goal of this study was to report the results of single-stage rehabilitation in a combined series from two different surgeons of 40 consecutive thyroid eye disease (TED) patients who underwent orbital decompression combined with aesthetic upper and/or lower eyelid surgery.
METHODS
This review adhered to the standards of the Declaration of Helsinki and was compliant with the Health Insurance Portability and Accountability Act, adherent to Institutional Review Board approval standards. Written informed consent was obtained for each procedure. All the patients in the study group had stable, inactive local disease and stable endocrine function for at least 12 months prior to surgery and all required aesthetic rehabilitation for disfiguring thyroid orbitopathy including exophthalmos. Forty consecutive patients in total were included and there were no exclusion criteria other that not requiring orbital decompression for functional reasons. All the patients underwent orbital decompression surgery associated with aesthetic eyelid surgery in two centers between February 2013 and September 2016. Patients who did not undergo orbital decompression of at least one side associated with upper and/or lower blepharoplasty or with less than 12 months of follow up were excluded. Preoperative and postoperative photographs at the longest follow-up visit were evaluated for each patient. All photographs were obtained in standardized position under room lighting, with no flash and with eyes looking directly into the camera. All the photos where a head tilt could be detected, as indicated by a different shadowing projected by the nose on the upper lip, were excluded. Patient satisfaction was assessed by patient interview administered in person by our staff nurse at the time of the 12-month follow-up visits using a scale out of 5, from 1* (poor) to 5* (very high).
Patients were divided into two subgroups, due to slightly different surgical preferences between the two senior surgeons; group 1 consisted of 16 patients from Genova and group 2 of 24 patients from Buenos Aires. Preoperatively, severely disfiguring thyroid orbitopathy, defined as greater than 4 mm proptosis associated with eyelid retraction greater than 4 mm, was present in 9 patients (8 from group 1 and 1 from group 2); moderately disfiguring thyroid orbitopathy, defined as exophthalmos between 2 to 4 mm associated with eyelid retraction between 2 to 4 mm, was present in 13 patients (4 from group 1 and 9 from group 2) and mildly disfiguring thyroid orbitopathy, defined as proptosis of 2 mm or less associated with eyelid retraction less than 2 mm, in 18 patients (3 from group 1 and 15 from group 2). No patient had a functional indication for surgery, namely no optic neuropathy, lagophthalmos, or symptomatic corneal exposure.
Surgical Technique
The orbital decompression techniques were similar for the two groups and consisted predominantly of transcaruncular medial wall decompression as described by Shore et al, extending from the same conjunctival incision to the orbital floor medially and to the infraorbital nerve. 3 To summarize, a conjunctival incision was performed between the plica semilunaris and the caruncle followed by blunt dissection directed medially to expose the periorbita of the ethmoid, posteriorly to the posterior lacrimal crest. Periosteal elevation was performed using a Freer elevator to expose the anterior and posterior ethmoidal arteries, which indicated the superior and posterior limits of the ethmoidal decompression. Orbital floor decompression was performed by extending the same transcaruncular incision, from the inferomedial strut medially to the infraorbital nerve laterally. The strut was maintained intact with exception of its posterior part. In order to prevent hypoglobus the inferomedial strut and the anterior 2 cm of orbital floor behind the orbital rim were kept intact, while posteriorly all the floor was removed, until the posterior wall of the maxillary sinus.
Upper eyelid retraction correction was carried out using two different techniques based on the amount of eyelid retraction as determined preoperatively; for retraction of 3 mm or less, a posterior Muller's muscle recession was performed as described by Ben Simon et al 4 after orbital decompression with the patient under general anesthesia, and intraoperative adjustment was not required. If more than 3 mm of retraction repair was necessary, an anterior blepharotomy was performed before the decompression, with the patient awake, to allow for intraoperative adjustment.
Upper blepharoplasty consisted of various combinations of skin excision, preaponeurotic fat excision, excision of the lateral two thirds of the retro-orbicularis oculi fat (ROOF) and repositioning of the lacrimal gland performed at the same time as upper eyelid retraction repair.
Lower blepharoplasty was similar in both groups and consisted of a transconjunctival arcus marginalis release and fat reposition +/-lateral fat excision. No patients of the study group underwent excision of lower eyelid skin.
Lower eyelid retraction repair consisted of en bloc lower eyelid retractor release immediately after completion of the transconjunctival lower blepharoplasty. In selected cases a closed, transcanthal lateral canthopexy as described by Hamra 5 was added to correct the lateral rounding of the lower eyelid.
RESULTS
The study group included 40 patients; 34 patients (85%) were female and 6 patients (15%) were male with mean age at presentation of 41 years (range, 26-66 years) and mean postoperative follow up of 27 months (range, 13-36 months). Thirty-three patients (83%) underwent transcaruncular infero-medial orbital decompression, 3 patients floor decompression, 3 patients medial wall decompression, and 1 patient underwent balanced medial and deep lateral orbital wall decompression. Upper blepharoplasty was performed in 26 patients (65%), while 23 patients (58%) underwent upper eyelid retraction surgery. All 16 patients from group 1 (Genova) underwent simultaneous eyelid retraction repair while for 9 patients from group 2 (Buenos Aires), upper eyelid retraction repair occurred in a second stage. Also, some patients in this group required a small lateral tarsorrhaphy to camouflage small amounts of lateral flare, thus avoiding eyelid retraction repair (Supplemental Table 1 ). Two patients from Genova underwent simultaneous bilateral ptosis surgery. Lower blepharoplasty was performed in 32 patients from both groups (80%). Associated lower eyelid procedures included 9 patients (56%) from group 1 who underwent en bloc inferior retractor recession and 12 patients in total (30%) who underwent lateral canthopexy (9 from Buenos Aires and 3 from Genova).
Surgical results are summarized in Supplemental Table 1 . Orbital decompression offered significant proptosis reduction, proportional to the severity of the disease and the A B amount of bony decompression. In severe thyroid-related proptosis, up to 4 to 6 mm of Hertel reduction was achieved; 3 to 4 mm in moderate forms and 1 to 2 mm in milder forms. Overall, mean proptosis reduction was 3.0 mm. Further surgery was performed in 8 of 24 patients from Argentina (33%) and 6 of 16 patients from Genova (37.5%) for an overall figure of 14 out of 40 patients (35%). This included surgery for the main postoperative complication which was new onset diplopia which occurred in 7 patients (17.5%), all of whom underwent subsequent strabismus surgery. None of these patients required secondary eyelid operations after the strabismus surgery, confirming that the eyelid position was not affected by eye muscle surgery. Other secondary procedures included lateral tarsorrhaphy in 3 patients (7.5%) and upper lid recession in 5 patients (12.5%). The overall surgical complication rate was 20%, including the aforementioned new-onset postoperative diplopia in 7 patients (17.5%) and watery eyes in 1 patient. Patient satisfaction was recorded in all patients and was high or very high (4/5 or 5/5) in 32 patients (80%), medium (3/5) in six patients (15%), and low (2/5) in 2 patients (5%). Individual patient surgical results are illustrated in Figures 3-6 and Supplemental Figures 1-3 (available online at www.aestheticsurgeryjournal.com).
DISCUSSION
The staged approach to Graves' orbitopathy rehabilitation as proposed by Shorr and Seiff over 30 years ago is still followed by the vast majority of orbital surgeons, 1 even though there is no scientific evidence that a one-stage approach negatively impacts upon the final outcome. Orbital decompression is the main intervention for the correction of disfiguring exophthalmos, but a comprehensive aesthetic rehabilitation for these patients is more complicated than simply proptosis reduction, requiring both eyelid retraction repair and correction of the relevant periorbital soft tissue changes. Traditionally, outcome measures of aesthetic rehabilitation for TED have been evaluated exclusively in relation to postoperative exophthalmometry, marginal reflex distance, and eyelid contour. So far, concomitant correction of soft tissue changes has not been adequately addressed. Soft tissue changes in TED affect the upper eyelid/brow unit in a very unnatural way as they occur in the opposite direction to any age-related changes of this unit, with volume gain from TED compared to volume loss from ageing. Goldberger et al were the first to demonstrate that the brow fat pads enlarge in TED. 6 a volumetric expansion of the retro-orbicularis oculi fat and supraorbital contour in thyroid-associated orbitopathy (TAO), as a consequence of the enhanced adipogenic potential of eyebrow fibroblasts. 7 Papageorgiou et al recognised that aesthetic disfiguration persisted following combined orbital decompression and eyelid retraction repair due to an abnormality of supraorbital volume distribution that altered the profile of patients with thyroid-associated orbitopathy (TAO). They introduced the concept of the ratio between tarsal platform show (TPS) and brow fat span (BFS) and proposed customised eyelid retraction repair to improve this ratio. 8, 9 However, they did not comment on the role of upper blepharoplasty or brow fat debulking as suggested by Goldberger et al, 6 which we find is especially suited to address the eyelid/brow changes in this setting. Another important factor is the enlargement of the lacrimal gland in Graves' patients, as shown by Harris et al. 10 Enlargement of the lacrimal gland causes a visible bulge at the lateral third of the upper eyelid that can go unnoticed because of the generalized upper eyelid swelling, but can become more visible after subtractive upper blepharoplasty. We believe that since orbital decompression has minimal effect on the anterior periorbital soft tissues, its simultaneous association with blepharoplasty in aesthetic rehabilitation of TAO is intuitive. Since the entire eyelid/ brow complex expands in TAO, we performed subtractive upper blepharoplasty with various customised combinations of tissue removal in this series including removal of skin, preaponeurotic fat, and ROOF in association with lacrimal gland repositioning. This is a much more aggressive tissue subtractive approach than in our routine blepharoplasty, where typically a skin-only excision is performed, eventually associated with medial fat transposition in selected cases. To the best of our knowledge, no previous reports support combination of aesthetic blepharoplasty with orbital decompression surgery, alone or in combination with eyelid retraction repair, in a single session. To our surprise, we were also unable to find any published evidence of the association of aesthetic blepharoplasty with eyelid retraction repair.
Eyelid retraction repair plays a crucial role in aesthetic rehabilitation of TAO. Ben Simon et al were the first to report satisfactory results in patients that underwent upper eyelid retraction repair at the same time as orbital decompression. 11 Unlike Ben Simon et al, who performed the same type of upper eyelid retraction repair surgery in all patients, with a 30% revision rate to achieve a proper final eyelid A B position, 11 we selected the surgical approach based on the amount of eyelid retraction, as suggested by Evans et al. 12 When the amount of upper eyelid retraction was 2 to 3 mm, we preferred posterior Muller's muscle recession after orbital decompression with the patient asleep. When the amount of upper eyelid retraction was greater than 3 mm, the eyelid retraction was addressed first by performing anterior blepharotomy while the patient was awake to permit intraoperative adjustment of eyelid height and contour. We believe that upper eyelid retraction is the single most delicate aspect of the entire surgical sequence and its repair is independent of the amount of proptosis reduction. A more customized approach to its repair can be offered to patients at the same time as orbital decompression and can offer the advantage of minimizing the revision rate significantly, as was the case in our series. In fact, the major reason for deferring eyelid surgery after orbital decompression is not believed to be due to the direct effect of exophthalmos reduction, but rather due to the risk of new-onset diplopia requiring strabismus surgery, which in turn may cause potential changes to the upper eyelid position. 13, 14 However, a review of the literature revealed that eyelid position changes after strabismus surgery were minimal (1 to 2 mm changes) and involved the lower eyelid only. 13, 14 In our series, 7 patients (17%) required strabismus surgery for the correction of new-onset diplopia following orbital decompression and none experienced subsequent variation of the upper or lower eyelid position.
In regards to the lower eyelid, Rootman et al showed that its position improved by 50% after orbital decompression surgery alone. 15 In order to further improve lower eyelid position at the time of decompression, we used en bloc lower eyelid retractor recession surgery, which added approximately 2 mm of further elevation. Internal spacer grafts were not used and we agree with Taban that "routine" placement of a lower eyelid internal spacer/graft is unnecessary during lower eyelid retraction surgery. 16 Surgical correction of lower eyelid retraction at the time of orbital decompression is very important, especially in severely disfiguring exophthalmos, as it acts synergistically with proptosis reduction, minimizing the perception of exophthalmos and often minimizing the number of orbital walls to decompress. Kim repair and orbital decompression. 17, 18 Taban also recently recommended, when indicated, concurrent lower eyelid retractor lysis without spacer graft with orbital decompression surgery to allow lower eyelid elevation. 19 En bloc retractor release is a simple, fast, and effective way to gain at least 2 mm of perceived proptosis reduction and should always be considered in these conditions at the same time as lower eyelid blepharoplasty. We also found closed transcanthal canthopexy useful in selected cases, in association with inferior retractor release, to correct lateral rounding of the lower eyelid contour, and inferior displacement of the lateral canthal angle secondary to exophthalmos, as it helps to restore the natural almond-shape of the eyelid fissure.
Finally, it is necessary to consider the soft tissue changes induced by Graves' orbitopathy on the lower eyelid, with appearance or worsening of steatoblepharon (lower eyelid bags). Although steatoblepharon is not an exclusive feature of Graves' disease, in TED it is a constant presence. Anterior prolapse of the orbital fat into the lower eyelids was aesthetically noticeable in 80% of our patients. We believe that it occurs as a consequence of increased orbital volume and forward displacement of the orbital contents, and this appearance is not influenced by orbital decompression as the anteriorly prolapsed orbital fat will not relocate spontaneously. Removing or transposing the lower eyelid fat in combination with orbital decompression and en bloc lower eyelid retractor release in aesthetic rehabilitation of thyroid patients is a useful adjunctive step which offers significant improvement of aesthetic results with minimal effort.
CONCLUSIONS
Aesthetic rehabilitation of thyroid orbitopathy is extremely relevant to the affected patients, especially because the disease concerns predominantly females in their youth. Despite the significant impact on appearance caused by thyroid disease, there seems to be limited attention given to the full extent of the aesthetic changes. The solutions proposed so far have focused mainly on functional parameters, specifically related to globe protrusion and eyelid position and contour. Blepharoplasty in association with eyelid retraction repair has not been reported in the literature so far, nor has it been reported in association with orbital decompression. Anterior approach upper eyelid ptosis repair is routinely associated with upper blepharoplasty, and upper eyelid retraction repair can also be performed in association with upper blepharoplasty in these thyroid patients, as the combined effect of the two procedures greatly improves the aesthetic result, with or without decompression.
Our experience showed that with careful preoperative surgical planning, no serious complications occurred from the associated procedures; on the contrary, satisfactory results with just one operation were achieved in the vast majority of patients. On the other hand, staged surgery in Graves' orbitopathy rehabilitation can be a year-long process with multiple operations and even more office visits. Postoperative patient appreciation is reduced and postponed until the final stage, affecting the overall satisfaction rate. In addition, each procedure carries a direct economic cost to the patient and/or the health system, and an indirect cost to their employer or business. Reducing the number of procedures and office visits has a high direct and indirect reduction in total health expenditure. As healthcare costs rise, optimisation of resources is of paramount importance in countries with insurance-based health systems. In the authors' private practice where all surgical costs are borne by the patient, this one-stage approach is even more important for improving the patient satisfaction.
To the best of our knowledge this is the first study describing simultaneous orbital decompression with upper and lower eyelid retraction repair associated with aesthetic blepharoplasty in a single session. We believe this approach yields high patient satisfaction and significantly reduces direct and indirect healthcare costs. Study limitations include the retrospective nonrandomized nature of this study, which could cause selection bias, also the absence of a comparative group and lack of statistical analysis due to the relatively small number of patients included in the study. Due to the nature of aesthetic surgery and the variability of patient expectations, the assessment of results both from the patient and surgeon perspective also has a subjective aspect. Despite these limitations, our preliminary surgical results demonstrate that rehabilitation surgery in Graves' orbitopathy may be safely performed in one stage in patients without preoperative diplopia.
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